Background: Inositol Hexaphosphate (IP6) is a naturally occurring polyphosphorylated carbohydrate that is found in food sources high in fiber content. We hypothesized that IP6 would inhibit the cell growth rate of bladder cancer in vitro. Methods: T24 and TCCSUP bladder cancer cell lines were treated with titrating doses of IP6 (0.3, 0.6 and 0.9 mM/well). Cell viability and vascular endothelial growth factor levels were measured. Results: Significant reductions (p < 0.001) in cellular growth were noted in both cell lines at all doses and time points tested, with the exception of 0.3 mM IP6 at 24 hours in the T24 cell line. The percent inhibition of vascular endothelial growth factor was significantly higher than that observed in the TCCSUP cell line at 48 and 72 hours with 0.3 mM IP6 (p < 0.001). The T24 cells exhibited the same level of inhibition at 24 and 48 hours with 0.6 mM dose of IP6 and at 72 hours with the 0.3 mM dose (p < 0.001). Conclusions: In vitro treatment of bladder cancer with the common dietary polyphosphorylated carbohydrate IP6 significantly decreased cellular growth by anti-angiogenic mechanisms. We feel that this data warrants further investigation and consideration for initiation of clinical trials to evaluate the safety and clinical utility of this agent.
Introduction
There will be 73,510 newly diagnosed cases of bladder cancer in 2012, with 55,600 being men and 17,910 being women. Approximately 1 in 5 of those who develop bladder cancer will die due to the disease (relative mortality 20.2%) [1] . Bladder cancer has become the second most prevalent cancer after cancer of the prostate in middle-aged to elderly male individuals. Many patients do not die of their disease, but have multiple recurrences [2] . This lends to the fact that the 5-year cost to Medicare attributed to bladder cancer in the United States is over one billion dollars [3] .
Carcinogen exposure is the leading cause of bladder cancer and cigarette smoking accounts for approximately 66% of the male and 30% of the female cancers with a 2 to 4-fold increase in risk when compared to non-smokers [4] [5] [6] [7] . Leading presenting symptoms include hematuria (occurring up to 85%) and irritative voiding symptoms such as dysuria and frequency [8] . Approximately 60-80% of newly diagnosed bladder cancers are superficial, either Ta, T1, or carcinoma in situ [9] . With local resection and no adjuvant intravesical therapy, progression rates for tumor grades I, II, and III and stage Ta and T1 to muscle-invasive cancer is 2, 11, and 45%, respectively [10] .
Intravesical chemotherapy with thiotepa [11] , mitomycin C [12] , or doxorubicin [13] had historically been the standard treatment for those patients suffering with bladder cancer. However, these chemotherapies have been unable to provide significant long-term benefit over that of transurethral resection alone [14] . Bacillus CalmetteGuerin (BCG) exhibits significant protection over that of surgical resection alone [15, 16] and has proven to be superior to that of chemotherapy with Doxorubicin in preventing tumor recurrence [17] . However, BCG is not without treatment related side effects and many patients will fail to respond to treatment. Therefore, alternative and potentially more effective and less toxic forms of therapy are needed.
Inositol hexaphosphate (IP6), a naturally occurring polyphosphorylated carbohydrate, is found in foods high in fiber content such as legumes and cereals [18] , and is easily absorbed from the gastrointestinal tract making it safe in a regular diet. IP6 has been shown to inhibit both the in vivo and in vitro growth of numerous tumor and cell lines [19] . Present in most mammalian cells, IP6 plays an important role in regulating cell function, proliferation and differentiation [20] . The mechanisms by which IP6 exerts its anti-proliferative effects are through regulation of cell cycle, apoptosis and angiogenesis. Angiogenesis is the process in which new blood vessels are formed for tumor growth to occur [21] . One of the more common and specific methods used to detect angiogenic activity is through the measurement of vascular endothelial growth factor (VEGF) [22] .
We hypothesized IP6 would inhibit the growth rate of bladder cancer in vitro and prove to be a potentially effective form of intravesical therapy for bladder cancer.
Materials and Methods
Tissue Culture Media RPMI 1640 tissue culture media (Invitrogen, Grand Island, NY ) was employed for both cell passage and experimental procedures. RPMI was supplemented with 10% Fetal Bovine Serum (ATCC, Manassas, VA), 1% Penicillin Streptomycin (Invitrogen, Grand Island, NY ) and 1% Sodium Pyruvate (Sigma Chemical Company, St. Louis, MO).
IP6
IP6 (dodecasodium salt hydrate) derived from rice was purchased from Sigma Chemical Company (St. Louis, MO). IP6 was solubilized in RPMI 1640 tissue culture media (as described above) to the desired concentrations of 0.3, 0.6, and 0.9 mM/well. After solubilization, the pH of IP6 was checked and determined to be 9.5. The pH was then adjusted to a neutral pH of 7.0 using 1N Hydrochloric acid, IP6 was then filtered using a 0.2 micron filter to assure sterility. Tissue culture media alone served as the control for all experimental procedures.
Cell Culture and Reagents
Two bladder cancer cell lines, TCCSUP (Grade IV), and T24 (Grade III) (ATCC, Manassas, VA) were maintained as monolayers in their preferred media (as described above) at 37ºC in 5% CO 2 . Cell were trypsinized and then plated in sterile 96-well plates at 1 × 10 5 cells/ml. Cells were then returned to the incubator for 24 hours to allow adherence prior to exposure to IP6. Cells were treated with IP6 at the desired concentrations 0.3, 0.6 and 0.9 mM/ well and returned to the incubator for an additional 24, 48, and 72 hours. Prior to MTT assay, supernatants were collected and stored for later assay and quantification of VEGF levels (pg/ml).
MTT Assay
The MTT colorimetric assay was performed to detect tumor cell viability after 24, 48 and 72 hours of incubation. MTT, a tetrazolium dye (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide; thiazolyl blue, Sigma chemical Co., St. Louis, MO) was added to each well as described previously [23] . Plates were incubated in the presence of MTT dye for 4 hours. Mitochondrial dehydrogenase activity reduced the yellow MTT dye to a purple formazan, which was then solubilized with acidified isopropanol and absorbance was read at 570 nm.
VEGF ELISA
Human VEGF Quantikine ELISA Kit (R&D Systems, Minneapolis, MN) was used to detect VEGF (pg/ml) after 24, 48 and 72 hours of incubation. Cell culture supernatants, standards, or control samples were added in 200 μl increments to a precoated microplate containing a monoclonal antibody specific for VEGF. VEGF present in the samples will bind to the antibody. The microplate was then washed to release any unbound substances and an enzyme-linked polyclonal antibody specific for VEGF was added to each well. After incubation, a wash buffer was used to remove any unbound antibody-enzyme reagent and a substrate solution was added for color development. Once the color development was complete, the plate was read at 450 nm.
Statistical Analysis
Determination of statistical significance was performed by analysis of variance (ANOVA) [24] . Post hoc comparison of individual concentration means with the control was completed using the Tukey-Kramer Multiple Comparison test [25] . All data are reported as means ± SD.
Results

MTT Cell Viability Assay
TCCSUP All doses of IP6 tested significantly reduced the proliferation of cells after 24 hours of exposure (table  1 ). An 11.7 ± 7.0% reduction in proliferation was observed with 0.3 mM IP6 (p = 0.004), followed by 73.8 ± 6.4%with 0.6 mM IP6 (p < 0.001) and 82.3 ± 3.6% with 0.9 mM IP6 (p < 0.001). After 48 hours, 0.9 mM IP6 exhibited the greatest degree of anti-proliferation with a reduction in cell growth of 91.5 ± 1.0% (p < 0.001), closely followed by 0.6 mM (85.4 ± 2.6%, p < 0.001). A 32.2 ± 4.4% reduction was seen with 0.3 mM IP6 (p < 0.001). After 72 hours, 0.9 mM IP6 (92.9 ± 0.8%, p < 0.001) and 0.6 mM IP6 (92.3 ± 0.6%, p < 0.001) exhibited nearly equivalent anti-proliferative effects in the TCCSUP cell line (table 1) , while a 26.2 ± 4.6% (p < 0.001) reduction was observed with 0.3 mM IP6.
T24 Both 0.6 mM IP6 (26.1 ± 4.7%) and 0.9 mM IP6 (54.0 ± 7.2%) significantly inhibited cellular proliferation after 24 hours of incubation (table 2, p < 0.001). After 48 hours, all 3 IP6 doses tested exhibited significant reductions in cellular proliferation (table 2). The greatest reduction in cellular proliferation was observed with 0.9 mM IP6 (88.0 ± 4.3%, p < 0.001), followed by 0.6 mM IP6 (59.1 ± 1.6%, p < 0.001), and 0.3 mM IP6 (20.1 ± 4.3%, p < 0.001). As was observed at 48 hours, all 3 doses of IP6 exhibited significant reductions in cell prolif- Kandzari/Riggs/Jackson/Luchey/Oliver/ Zaslau eration after 72 hours of incubation (table 2, p < 0.001). Again 0.9 mM IP6 exhibited the greatest reduction in cellular proliferation (90.3 ± 1.3%, p < 0.001), followed by 0.6 mM IP6 (85.7 ± 2.1%, p < 0.001), and 0.3 mM IP6 (12.6 ± 5.0%, p < 0.001).
Human VEGF Quantikine ELISA TCCSUP Significant reduction in VEGF was observed in all 3 IP6 doses tested and all time points assayed ( fig.  1) . At 24 hours, 0.9 mM IP6 exerted the greatest reduction in VEGF (397.6 ± 18.5 pg/ml, p < 0.001), followed by 0.6 mM IP6 (476.2 ± 11.9 pg/ml, p < 0.001), and 0.3 mM IP6 (808.5 ± 15.5 pg/ml, p < 0.001) when compared to control (908.4 ± 33.7 pg/ml). These reductions continued at 48 hours as well, with 0.9 mM IP6 showing the greatest reduction in VEGF (204.1 ± 8.8 pg/ml, p < 0.001), followed by 0.6 mM IP6 (228.9 ± 8.1 pg/ml, p < 0.001), and 0.3 mM IP6 (877.1 ± 27.5 pg/ml, p < 0.001) while the control levels of VEGF was 2459.4 ± 57.6 pg/ ml. After 72 hours, the mean level of VEGF was 8171.0 ± 338.1 pg/ml in the controls, with significant reductions observed by the addition of 0.9 mM IP6 (431.4 ± 18.0 pg/ml, p < 0.001), 0.6 mM IP6 (478.4 ± 8.4 pg/ml, p < 0.001) and 0.3mM IP6 (3203.1 ± 131.9 pg/ml, p < 0.001). After 48 hours, the level of VEGF was significantly reduced when compared to the 24 hours results in the cells treated with both 0.6 mM IP6 (228.9 ± 8.1 vs. 476.2 ± 11.9 pg/ml, p < 0.001) and 0.9 mM IP6 (204.0 ± 8.8 vs. 397.6 ± 13.5 pg/ml, p < 0.001). No other time-dependent reductions in VEGF were noted in the TCCSUP cells.
T24 After 24 hours, VEGF levels were significantly reduced in all doses of IP6 used ( fig. 2) . The greatest reduction in VEGF was observed by 0.9 mM IP6 (247.8 ± 12.2 pg/ml, p < 0.001) compared to control (481.2 ± 16.2 pg/ml), followed by 0.6 mM IP6 (287.1 ± 16.3 pg/ml, p < 0.001) and 0.3 mM IP6 (435.4 ± 22.2 pg/ml, p < 0.001). The dose-dependent reduction in VEGF production continued after 48 hours with 0.9 mM IP6 showing the greatest inhibitory effect (507.1 ± 45.6 pg/ml, p < 0.001), followed by 0.6 mM IP6 (738.6 ± 31.2 pg/ml, p < 0.001) and 0.3 mM IP6 (3065.7 ± 88.2 pg/ml, p < 0.001). The control group yielded a VEGF level of 3875.6 ± 13.0 pg/ ml after 48 hours. The protective effects of IP6 in regards to VEGF production continued at 72 hours, with 0.9 mM IP6 exhibiting the most dramatic reduction in VEGF levels (514.5 ± 24.7 pg/ml, p < 0.001), again followed by 0.6 mM IP6 (805.5 ± 23.8 pg/ml, p < 0.001), and 0.3 mM IP6 (5834.4 ± 120.5 pg/ml, p < 0.001). All three of these levels were significantly reduced when compared to the control groups at 72 hours (7681.5 ± 152.4 pg/ml).
Discussion
Although many patients will respond well to conventional intravesical therapies, a significant number will experience tumor recurrence and/or treatment limiting toxicities. Intravesical therapy with BCG gained popularity in the 1980's based on reports by Morales et al. [15] and Lamm et al. [16] showing that BCG provided significant protection from tumor recurrence, progression and mortality. A Southwest Oncology Group study randomized 262 eligible patients to receive either chemotherapy with Doxorubicin or immunotherapy with BCG. BCG was shown to provide significantly better protection from tumor recurrence with 70% of those patients receiving BCG achieving a complete response compared to 34% in the doxorubicin arm (p < 0.001) [17] . Although the use of intravesical immunotherapy with BCG has been shown to be the most effective form of treatment to date for those patients with bladder cancer, it is not without treatment related toxicity and many patients will fail to respond to initial treatment. Therefore, alternative and potentially more effective and less toxic forms of therapy are needed.
IP6 is a naturally occurring carbohydrate that is found in most cereals, grains, legumes, seeds and other foods that are high in fiber such as wheat bran and flaxseed [26] . Anti-proliferative effects of IP6 have been expressed in various tumors such as breast [27, 28] In our current study, the in vitro growth of T24 and TCCSUP bladder cancer cell lines treated with titrating doses of IP6 (0.3, 0.6 and 0.9 mM/well) was significantly reduced. Cell viability was measured by MTT after 24, 48 and 72 hours. Significant reductions (p < 0.001) in cellular growth were noted in both cell lines at all doses and time points tested, with the exception of 0.3 mM/ well IP6 at 24 hours in the T24 cell line.
Regulating cell cycle, apoptosis and angiogenesis are among the reported mechanisms by which IP6 exerts its anti-proliferative effects. Through angiogenesis, tumor cells leave the primary site and enter the blood stream where new blood vessels form and tumor cells metastasize. The most common tumor angiogenic factors are the fibroblast growth factor and theVEGF [22, 38] . As cells undergo angiogenesis, both fibroblast growth factor and VEGF levels increase during the proliferative process. A reduction in these levels as a direct result of treatment, as in this case IP6, indicates that agent is acting as a modulator of angiogenesis [22] . Vucenik et al. [22] reported inhibitory effects of IP6 on angiogenic activity in the HepG2 cells. These researchers pretreated HepG2 cells with 0.5, 1.0 and 2.0 mM IP6 for 24 hours. At specific time points, aliquots of cell supernatants were removed to determine VEGF protein levels as measured by ELISA. These results showed that IP6 reduced VEGF levels by about 50% in a concentration-dependent manner. The HepG2 cells were recultured in serum-free media in the absence of IP6 for an additional 24 hours. A continued reduction in VEGF levels was observed by 79% with 1.0 mM IP6 and 86% with 2.0 mM IP6.
Our laboratory has previously reported that IP6 inhibited VEGF levels in two human pancreatic cancer cell lines [34] . The results showed that VEGF levels were significantly reduced to 343 ± 23 pg/ml when compared to control (1084 ± 44 pg/ml) in the MIA PaCa-2 cells and decreased from control of 1465 ± 319 to 936 ± 35 pg/ml with 0.8 mM/well IP6 in the PANC-1 cells.
In the present study, VEGF (pg/ml) was significantly reduced (p < 0.001) in both cell lines at all time points and doses tested. However, to determine if the reduction of VEGF was due to the relative decrease in cell growth as observed by the MTT assay, VEGF levels (pg/ml) were converted to percent (%) change versus control. The percent inhibition of VEGF was significantly higher than that observed by MTT (p < 0.001) in the TCCSUP cell line at both 48 and 72 hours with 0.3 mM IP6. T24 cells exhibited the same level of inhibition at 24 and 48 hours with 0.6 mM/well dose of IP6 and at 72 hours with the 0.3 mM/well dose (p < 0.001). The observed reductions in VEGF production would indicate that IP6 reduces cellular proliferation and growth at least in part by anti-angiogenic mechanisms.
Conclusion
IP6 has demonstrated significant and reproducible reductions in the growth of bladder cancer in vitro. The significant reductions in VEGF would suggest that IP6 reduces cellular growth at least in part by anti-angiogenic mechanisms. The results presented herein warrants further investigation, both in vitro and in vivo, leading to the initiation of Phase II clinical trials to evaluate the safety and clinical utility of this agent.
